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Program Overview 
Since 1991, the Connecticut Department of  

Energy & Environmental Protection (CT DEEP,  

formerly the Department of Environmental  

Protection, (CTDEP)) has conducted an intensive  

year-round water quality monitoring program on  

Long Island Sound (LIS). Water quality is monitored at  

up to forty-eight (48) sites by staff aboard the  

Departmentôs Research Vessel John Dempsey.   

These data are used to quantify and identify annual trends  

and differences in water quality parameters relevant to hypoxia, 

especially nutrients, temperature, and chlorophyll. These data are also 

used to evaluate the effectiveness of the management program to reduce 

nitrogen concentrations. During the summer (June -September) CT 

DEEP conducts additional summer hypoxia surveys at bi-weekly 

intervals to better define the areal extent and duration of hypoxia.  

R/V John Dempsey 
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This map shows the stations sampled by 

the CT DEEP LIS Water Quality 

Monitoring Program. Underlined 

stations are sampled year-round.  
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Dissolved oxygen, temperature, pH, and salinity 

data are collected in situ using an electronic 

instrument called a Conductivity Temperature 

Depth recorder (CTD) that takes measurements 

from the surface to the bottom of the water 

column. The CTD, a Sea-Bird model SBE-19 

SeaCat Profiler equipped with auxiliary 

dissolved oxygen, photosynthetically-active 

radiation (PAR) and pH sensors, is attached to a 

Rosette Sampler and lowered through the water 

column at a rate of approximately 0.2 meters per 

second and measurements are recorded every 0.5 

seconds. In situ  data are reviewed in real-time.  

 
Water samples are collected using Niskin 

water sampling bottles that are attached to 

the Rosette Sampler. The Rosette is lowered 

off the stern of the Dempsey and the bottles 

are triggered remotely to take a water 

sample at any depth. Parameters for which 

surface and bottom waters are tested 

include dissolved silica, particulate silica, 

particulate carbon, dissolved organic 

carbon, dissolved nitrogen, particulate 

nitrogen, ammonia, nitrate + nitrite, 

particulate phosphorus, total dissolved 

phosphorus, orthophosphate, chlorophyll a, 

and total suspended solids.  

Methods 

Samples are filtered aboard the mini laboratory and preserved for later analyses at the 

Center for Environmental Science and Engineering at the University of Connecticut. From 

October to May, in situ and nutrient samples are collected once a month from 17 sites. Bi-

weekly hypoxia surveys start in mid-June and end in September with up to 48 stations 

being sampled during each survey for in situ parameters.  

Since 2002, CT DEEP  has collected zooplankton samples from six stations and 

phytoplankton from ten stations across Long Island Sound. The samples are sent to 

researchers at the University of Connecticut who identify species composition, abundance, 

community structure, and spatial and temporal distribution throughout the Sound.  
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The Long Island Sound Integrated Coastal Observing System (LISICOS) was established in 2003 

as a component of a regional/national ocean observing system. The system was conceptualized as 

part of a water quality monitoring program that combined the traditional ship-based point 

sampling surveys with continuous, real-time sampling stations. Funding for the program was first 

provided through the Environmental Protection Agency EMPACT grant program and is now 

provided by the National Oceanic and Atmospheric Administration.  

 

The initial goal was to develop ña capability to observe and understand the LIS ecosystem and 

predict its response to natural and anthropogenic changesò. 

 

 LISICOS monitors water quality parameters (e.g., salinity, temperature, dissolved oxygen, 

surface waves, photosynthetically available radiation, chlorophyll) and meteorological 

parameters (e.g., wind speed, direction, barometric pressure, wave height) at up to eight stations 

across the Sound. Sensors are attached to a moored buoy at various depths (surface, mid, bottom). 

Data are transmitted every 15 minutes  in real-time via satellite (telemetered) where they are 

stored in a database and uploaded to the internet. The system is maintained by the University of 

Connecticut.  

LISICOS 
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This report presents a summary of the 2013 in situ data collected by CT DEEP. Data 

from LISICOS are presented with permission for informational purposes.  

 

The CT DEEP LIS Water Quality Monitoring Program is synoptic in nature and is 

intended to characterize water quality conditions at one moment in time over a 

broad area (the entire Sound).  Water column profile data provided by the program 

are useful for future determinations of volume of hypoxic waters.  CT DEEPôs 

program supports a long term monitoring database designed to detect changes in 

hypoxia due to changing conditions (i.e. management actions, climate change, 

productivity). The program also provides nutrient and biological data not available 

from fixed station buoy applications.  

 

The LISICOS water quality sensors are attached to fixed locations and provide a 

holistic view of the conditions over a long span of time (i.e., continuous data from 

one station).   The LISICOS continuously recording buoys have shown instances 

where vertical mixing within the water column raises the DO concentrations above 

the hypoxic thresholds for extended periods of time (e.g., days).  These episodic 

conditions are not captured by CT DEEP surveys which occur bi-monthly during 

the hypoxic season.  

 

 As such CT DEEPôs data provides a snapshot of hypoxic condition at one time 

while the LISICOS data provide a continuous measurement of hypoxia at specific 

buoy locations. Together these monitoring programs are better able to characterize 

the extent and duration of hypoxia across LIS. Both types of data contribute to a 

better understanding of hypoxia in LIS. 

 
NOAA R/V Thomas Jefferson performing side scan sonar 

As seen from the stern of the R/V John Dempsey 

Photo Courtesy of Matt Lyman, CT DEEP  



What is Hypoxia?  
The term "hypoxia" means low dissolved oxygen ("DO") 

 concentrations in the water. Marine organisms need  

oxygen to live, and low concentrations, depending on 

 the duration and the size of the area affected, can have  

serious consequences for a  marine ecosystem. As defined  

by the Long Island Sound Study, hypoxia exists when   

DO drops below a concentration of 3 milligrams per liter 

 (mg/L), although ongoing national research suggests that  

there may be adverse affects to organisms even above this  

level, depending upon the length of exposure. In 2011,  

Connecticut adopted revised water quality criteria for dissolved oxygen. These 

criteria, designed to protect the stateôs waters from degradation, define hypoxia as 

DO concentrations below 3.0 mg/L.  Low oxygen levels can occur naturally in 

estuaries during the summer, when calm weather conditions prevent the mixing of 

the water column that replenishes bottom water oxygen during the rest of the year. 

However, studies of the limited historical data base for the Sound suggest that 

summer oxygen depletion in Western Long Island Sound has grown worse since the 

1950s. 

How Seriously Does Low Oxygen Impact the Sound?  
Each summer low oxygen levels render hundreds of square miles of bottom water 

unhealthy for aquatic life. DO levels follow seasonal patterns with a decrease in 

bottom water DO over the course of the summer. Hypoxic conditions during the 

summer are mainly confined to the Narrows and Western Basin of Long Island 

Sound. Those areas comprise the section of the Sound west of a line from Stratford, 

CT to Port Jefferson, NY. The maximum extent of the hypoxic condition typically 

occurs in early August.  

 

Courtesy of the Long Island Sound Study 
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2013 Important Facts 

CT DEEP conducted eight cruises during the summer of 2013 between 3 June and 9 September.  

Over the course of the season, ten (10) different stations were documented as hypoxic and of the 259 

site visits completed in 2013, hypoxic conditions were found 16 times. Compared to the 22-year 

averages, 2013 was below average in area and slightly above average in duration. In fact, 2013 had 

the third smallest area behind 1997 and 1992  (see page 7). 

Photo By Lloyd Langevin, June 2007 
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Estimated Start Date 7/8/2013 

Estimated End Date 9/7/2013 

Duration (days) 62 

Maximum Area (mi2) 80.7 

The Long Island Sound Study has defined hypoxia as dissolved oxygen concentrations below 3.0 mg/L. On 25 

February 2011, CT DEEP  adopted revised water quality standards that specified dissolved oxygen in Class SA 

and SB waters (applicable to LIS) shall not be less than 3.0 mg/L at anytime.  

Start date and end date are estimated by plotting CT DEEP and NEIWPCC-IEC data from stations A4 and B3 

in Excel using a line with markers chart and then interpolating when the DO concentration drops below/rises 

above 3.0 mg/L.  Due to issues with the sampling vessel, NEIWPCC-IEC was unable to sample on 9/5/13. For 

the purposes of estimating the end date, the minimum value from the LISICOS Execution Rocks Buoy for that 

date was used. 

The peak event occurred during the HYAUG13 cruise between 12 and 14 August. The lowest 

dissolved oxygen concentration (1.34 mg/L) was documented during the HYAUG13 cruise at Station 

A4. The hypoxia area maps for 2013 appear on pages 10-14.  

Cruise Start Date End Date 
Number of stations 

sampled 

Number of hypoxic 

stations 

WQJUN13 6/3/2013 6/5/2013 17 0 

HYJUN13 6/21/2013 6/21/2013  23 0 

WQJUL13 7/1/2013 7/3/2013 37 0 

HYJUL13 7/15/2013 7/17/2013 38 2 

WQAUG13 7/29/2013 7/31/2013 40 1 

HYAUG13 8/12/2013 8/14/2013 38 10 

WQSEP13 8/27/2013 8/29/2013 42 3 

HYSEP13 9/9/2013 9/9/2013 24 0 

Based on CT DEEP and NEIWPCC-IEC data 



The figure and table below display the onset, duration, and end of the hypoxia events from 1991 

through 2013 based on the 3.0 mg/L standard.  

Timing and Duration of Hypoxia,  1991 - 2013 
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LISS  3.0 mg/L 

Year 
Estimated Start 

Date 
Estimated End Date 

Maximum Area  

(mi2) 

Duration 

(days) 

1991 July 19 Aug 28 122 41 

1992 July 7 Aug 30 80 55 

1993 July 9 Sept 10 202 64 

1994 July 1 Sept 6 393 68 

1995 July 12 Aug 15 305 35 

1996 Aug 10 Sept 12 220 34 

1997 July 27 Sept 12 30 48 

1998 July 5 Sept 15 168 73 

1999 July 2  Aug 21 121 51 

2000 July 2 Aug 6 173 35 

2001 July 10 Sept 14 133 66 

2002 June 25 Aug 28 130 65 

2003 July 5 Sept 3 345 61 

2004 July 20 Sept 12 202 55 

2005 July 14 Sept 20 177 69 

2006 July 6 Aug 27 199 53 

2007 July 16 Sept 11 162 58 

2008 July 3 Sept 19 180.1 79 

2009 July 19 Sept 1 169.1 45 

2010 July 5 August 13 101.1 40 

2011 July 6 August 28 130.3 54 

2012 July 10 Sept 10 288.5 63 

2013 July 8 Sept  7 80.7 62 

Average July 11 Sept 3 179 55 

Deviation +10 days +12 days + 87 mi2 + 13 days 

Based on the  LISS standard of 3.0 

mg/L, the average date of onset was 

July 11 (+ 10 days), the average end 

date was September 3  (+ 12 days), and 

the average duration  was 55 days (+ 13 

days). The earliest onset of hypoxia (red 

text) occurred on 25 June 2002 and  the 

latest end date (green text) occurred on 

20 September 2005.  The maximum 

area of hypoxia  was 393 square miles 

(blue text) and occurred in 1994.  The 

longest hypoxic event occurred in 2008 

(magenta text) and  lasted 79 days.  

JUN APR SEP FEB JAN MAR MAY JUL AUG OCT NOV DEC 
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2007 

2008 

2009 

2010 

2011 

2012 

2013 

Timing and Duration of Hypoxia based on 3.0 mg/L 



Yearly Comparison of Maximum  

Areal Extent and Duration  

of Hypoxia 

This graph utilizes the data presented on the previous page to illustrate the year-to-year 

differences in the maximum areal extent of hypoxic conditions. Based on the 3.0 mg/L DO 

standard the average areal extent was 178.8  mi2 and the average duration was 55 days. 
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Execution Rocks Bottom Dissolved Oxygen Western LIS Bottom Dissolved Oxygen 
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Duration Based on Buoy Data Obtained From the LISICOS 

Network on 9 October 2013 

The figures below are from the LISICOS website and depict the 2013 real-time bottom 

dissolved oxygen data (blue line); the average of the 9 or 12 year dataset, depending on the 

station (black line); and the variability observed over the historical station record (gray 

shading).  
 

There were several periods of increased oxygen in the bottom waters that were not captured 

by CT DEEP surveys and the LISICOS buoys better reflect these reoxygenation events (blue 

peaks above the red hypoxia threshold line).  The Execution Rocks Buoy showed DO 

concentrations dipped below 3.0 mg/L again on 13 and 14 September (just barely at 2.88 

and 2.96 mg/L) and for only a short duration. This results in an end date that is later than CT 

DEEPôs estimated end date.  

Execution Western 

Estimated Start Date 7/2/2013 7/14/13 

Estimated End Date 9/14/13 9/7/13 

Duration below 3.0 mg/L (cumulative days)  23.49 15.21 

Duration below 2.0 mg/L (cumulative days)  7.41 0.46 

Duration below 1.0 mg/L (cumulative days)  0 0 

Minimum DO value (mg/L) 1.05 (3 Sept) 1.63 (14 Aug) 

Days with no data 18 11.93 

Based on LISICOS Buoy Data Collected Between 1 June to 9 October 

Data obtained from the LISICOS Execution Rocks and Western Sound Buoy  Bottom Dissolved Oxygen Prediction 

Tool webpages (http://lisicos.uconn.edu/do_fcst.php?site=exrx and  http://lisicos.uconn.edu/do_fcst.php?site=wlis).  

Duration is calculated by LISICOS by summing the time (in days) of the number of samples where DO was below the 

specified value (T. Fake, pers comm. 18 October 2012).  Data are provisional and subject  to change.  

 

The new ARTG Buoy also exhibited hypoxic conditions with a start date estimated as 7/24/13 and an end date 

estimated as 9/8/13.  The minimum DO was 1.32 mg/L on 8/18.  

 



Hypoxia Maps 
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The following maps depict the development of hypoxia based on CT DEEP cruise data through the 

2013 season.  

 

During the HYJUN13 survey all stations had DO concentrations above 4.8 mg/L.  

 

During the WQJUL13 survey DO concentrations were less than 4.8 mg/L at four stations. Data for 

all surveys are available upon request.  



During the HYJUL13 survey, DO concentrations dropped below 4.8 mg/L at 18 stations and 

of those, one station was below 3.5 mg/L and two stations were below 3. 0 mg/L.  

During the WQAUG13 survey, DO concentrations at Station A4 dropped below 3.0 mg/L, 

while Stations B3 and 02 improved slightly, but were still less than 3.5 mg/L. An additional 25 

stations exhibited DO concentrations below 4.8 mg/L . 
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